The genus Streptosporangium, which belongs to the family Streptosporangiaceae, was first described by Couch (1955) . Subsequently, Stackebrandt et al. (1994) emended the genus Streptosporangium and Stackebrandt et al. (1997) classified it as part of the suborder Streptosporangineae. The aerial mycelium present in the most well characterized species of the genus Streptosporangium produces spherical sporangia that enclose non-motile sporangiospores. Strains in the genus Streptosporangium have meso-diaminopimelic acid and madurose in their whole-cell hydrolysates. The phospholipid pattern consists of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol and glucosamine-containing phospholipid. The predominant menaquinone types contain nine isoprene units. Complex mixtures of iso-, anteiso-, saturated, unsaturated and 10-methyl branched fatty acids are detected among cellular fatty acids (Quintana & Goodfellow, 2012) . At the time of writing, the genus Streptosporangium comprises 17 species and two subspecies (http://www.bacterio. net; Euzéby, 1997; Parte, 2014) . Almost all species of the genus Streptosporangium were isolated from soil samples (Nonomura & Ohara, 1960; Hayakawa et al., 1991a) , except for Streptosporangium oxazolinicum, which was isolated from the root of an orchid (Inahashi et al., 2011a) . Members of the genus Streptosporangium are known to produce bioactive metabolites, many of which have yet to be characterized. Examples of these bioactive metabolites include the novel anti-tumour compounds, sporomycin from Streptosporangium pseudovulgare (Umezawa et al., 1976) , novel antitrypanosomal alkaloids, spoxazomicins, from S. oxazolinicum (Inahashi et al., 2011b) , and novel compounds with both antibacterial and antifungal activities (Boudjella et al., 2006; Hacène et al., 1998) . Thus, the discovery of a novel IP: 54.70.40.11
On: Fri, 07 Dec 2018 03:04:30 species of this genus offers the opportunity to investigate a microbial resource that may produce novel metabolites with potential medical applications. Strain 30EHS T , isolated from a rhizospheric soil sample collected from Jomthong district, Bangkok, Thailand, is a representative of a novel species of the genus Streptosporangium capable of producing antibacterial and antifungal metabolites. The aim of the present study was to determine the taxonomic characteristics of strain 30EHS T .
Strain 30EHS
T was isolated from a rhizospheric soil sample taken under an elephant ear (Caladium bicolor) plant in Jomthong district, Bangkok, Thailand. Air-dried soil samples were subjected to pretreatment using dry heat at 120 u C for 1 h (Hayakawa et al., 1991b) . Soil suspensions were subsequently serially diluted and spread onto starch casein nitrate agar (Seong et al., 2001) , supplemented with 25 mg nalidixic acid ml 21 and 50 mg cycloheximide ml 21 and incubated for 4 weeks at 28 u C. The purified strain was maintained on International Streptomyces Project (ISP) 2 medium at room temperature and also stored as glycerol suspensions (20 %, v/v) T were cultured on different media for 2 weeks at 27 u C to observe culture characteristics. The media tested were ISP 2 (Difco), ISP 3 (DAIGO, Nihon Pharmaceutical), ISP 4 (Difco), ISP 5 (DAIGO), ISP 6 (DAIGO), ISP 7 (DAIGO) (Shirling & Gottlieb, 1966 ), Bennett's agar (0.1 % yeast extract, 0.1 % beef extract, 0.2 % NZ-amine, 1 % glucose, 1.5 % agar), nutrient agar (NA; Difco) and sucrosenitrate agar (Waksman, 1961) . The Colour Harmony Manual (Jacobson et al., 1958) was used for the determination of the colours of aerial and substrate mycelia and soluble pigment. Cell morphological characteristics were observed using light microscopy and scanning electron microscopy (model JSM-5600, JEOL) after culturing on various media for 3 weeks at 27 u C. Samples for scanning electron microscopy were prepared by cutting a block from culture plates followed by fixation with 4 % osmium tetroxide in situ. T and members of the genus Streptosporangium. Bootstrap values above 50 % (percentages for 1000 replications) are indicated. Filled circles indicate branches that are also recovered in the maximum-parsimony tree and the minimum-evolution tree. Bar, 0.002 nucleotide substitutions per site. Growth tests at various temperatures (4-50 u C), pH (pH 3-11) and concentrations of sodium chloride (1-4 %, w/v) were performed using ISP 2 medium. Carbon source utilization was assayed according to the method of Shirling & Gottlieb (1966) and was observed using ISP 9 agar (Difco) as the basal medium. ISP 4 agar was used for the determination of starch hydrolysis. Tests for hydrogen sulfide production and nitrate reduction were examined using ISP 6 and ISP 8 media (0.5 % peptone, 0.3 % beef extract, 0.5 % KNO 3 , pH 7.0), respectively. For the tests of coagulation and peptonization of milk, 10 % skimmed milk (Difco) was used. Casein hydrolysis was determined using skimmed milk agar and gelatin medium (2.0 % glucose, 0.5 % peptone, 20 % gelatin, pH 7.0) was used for gelatin liquefaction. Other enzyme activities were determined using the API ZYM system (bioMérieux), according to the manufacturer's instructions.
Biomass for chemotaxonomic studies was obtained following cultivation in shake flasks using YD broth (1 % yeast extract, 1 % glucose, pH 7.0) at 27 u C for 14 days. The N-acyl types of muramic acid in peptidoglycan were determined using the method of Uchida & Aida (1977) . The whole-cell sugar pattern was determined as described previously by Becker et al. (1965) and the presence of mycolic acids was monitored using TLC following the procedure of Tomiyasu (1982) . Diaminopimelic acid isomers were determined using TLC of whole-cell hydrolysates (Becker et al., 1965) . Phospholipids were extracted and examined by two-dimensional TLC as described by Minnikin et al. (1977) . Menaquinones were extracted (Collins et al., 1977) and analysed by LC/MS (JMS-T100LP, JEOL). For the whole-cell fatty acid analysis, strain 30EHS
T was grown in YD broth and methyl esters of cellular fatty acids were prepared by direct transmethylation with methanolic hydrochloride. Determination of fatty acid profiles was performed according to the procedures for the Sherlock Microbial Identification System (Microbial ID) using the ACTIN1 method.
Genomic DNA, PCR amplification and sequencing of 30EHS T were performed as described by Intra et al. (2013) . The G+C content of genomic DNA was examined according to the procedure of Tamaoka & Komagata (1984) using HPLC. DNA-DNA hybridization analysis was performed according to the method of Ezaki et al. (1989) . The genomic DNA prepared from S. fragile NBRC 14311 T , S. carneum NBRC 15662 T and S. violaceochromogenes NBRC 15560
T were used as the probe and separately hybridized with strain 30EHS T . A nearly full-length 16S rRNA gene sequence (1400 bp) from strain 30EHS
T was aligned with corresponding sequences of strains representative of 13 genera in the family Streptosporangiaceae as well as 18 type strains of members of the genus Streptosporangium using CLUSTAL_X version 1.83 (Thompson et al., 1997) . Phylogenetic analyses were performed with MEGA version 4.0 (Tamura et al., 2007) using the following tree-making algorithms: neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and minimum-evolution (Rzhetsky & Nei, 1993) Blue tint (15ba) *The parentheses are the colour designation based on Colour Harmony Manual (Jacobson et al., 1958) .
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methods. The topologies of trees were evaluated by bootstrap analysis with 1000 resamplings (Felsenstein, 1985) . The values for sequence similarities between the isolate and closely related strains were determined using the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) .
The almost complete 16S rRNA gene sequence (1400 nt) from strain 30EHS T displayed the highest similarity to those of S. fragile NBRC 14311 T (98.1 %) and S. carneum NBRC 15562 T (97.8 %). The phylogenetic tree with the representative reference strains of members of the family Streptosporangiaceae also indicated that strain 30EHS
T was closely related to the genus Streptosporangium (Fig. S1 , available in the online Supplementary Material). Furthermore, in the phylogenetic trees based on 16S rRNA sequences of all type strains of species of the genus Streptosporangium, strain 30EHS
T was present in a cluster with S. violaceochromogenes NBRC 15560 T (Fig. 1) .
T contained meso-diaminopimelic acid as diamino acid and arabinose, glucose, mannose, madurose, ribose and rhamnose as sugars in whole-cell hydrolysates. The N-acyl type of muramic acid was acetyl. Menaquinones present in 30EHS
T were MK-9 (H 4 ) (57 %), MK-9 (H 2 ) (34 %), MK-9 (H 6 ) (7 %) and MK-9 (H 0 ) (3 %). Strain 30EHS
T contained diphosphatidylglycerol, hydroxyphosphatidylethanolamine, phosphatidylethanolamine, phosphatidylglycerol and unknown phospholipids but no phosphatidylcholine, corresponding to phospholipid type IV (Lechevalier et al., 1977) . Mycolic acids were not detected. The predominant fatty acids were C 17 : 0 10-methyl (18.5 %), iso-C 16 : 0 (17.5 %) and C 16 : 0 (11.8 %) (Table S1 ). The G+C content of genomic DNA was 71 mol%. The chemotaxonomic properties of strain 30EHS
T were consistent with those of members of the genus Streptosporangium.
T grew very well on ISP media 2, 3, 4 and 6, Bennett's agar, NA and sucrose-nitrate agar. Poor growth was observed on ISP media 5 and 7. Abundant aerial mycelia white to pale pink in colour were observed on most of the media tested. A single roundish spore with a smooth surface was formed through the intermediary of very short sporophores on aerial hyphae. The spores were close-packed and formed clusters (Figs 2 and S2 ). This spore characteristic was also observed when the strain was cultivated on various kinds of media (Fig. S3) . Aerial hyphae spore vesicles were not formed (observed at weeks 1, 2, 3 and 8) after culturing on ISP 2, ISP 3, ISP 4, ISP 5, ISP 6, ISP 7 and NA at 27 u C. Previous reports have described spore vesicles varying in size from 4 to 20 mm typically produced by all 17 species of the genus Streptosporangium (Quintana & Goodfellow, 2012) . The results indicate that strain 30EHS
T is distinct from all type strains of species of the genus Streptosporangium. The colony colour of strain 30EHS
T was pinkish white and a reddish brown soluble pigment was produced in Bennett's agar (Table 1) . The temperature and pH range for growth were 12-42 u C and pH 5-11 with optimum growth occurring at 18-40 u C and pH 8-10. Growth of strain 30EHS
T was observed at NaCl concentrations of up to 2 %. T clearly represents a novel species within the genus Streptosporangium.
T was classified as a member of the genus Streptosporangium, based on its phylogenetic and chemotaxonomic properties. Tightly packed spores on aerial mycelium were produced in strain 30EHS T ; however, spore vesicles, a typical morphological feature of the members of the genus Streptosporangium, were not observed. Strain 30EHS T can be distinguished from related strains through differences in the utilization of carbon sources, hydrolysis of starch and casein, nitrate reduction, coagulation and peptonization of milk, the range of temperature/pH/NaCl tolerance of growth and enzyme activities of the API ZYM system (Table 2) . Furthermore, the low DNA-DNA relatedness values between 30EHS
T and closely related type strains of species of the genus Streptosporangium was below the cut-off point indicating that strain 30EHS
T represents a different species. Together these results support the classification of strain 30EHS
T as representing a novel species of the genus Streptosporangium. The proposed the name of this species is Streptosporangium jomthongense sp. nov. Stackebrandt et al. 1994 In addition to the description given by Stackebrandt et al. (1994) , stable branched mycelia producing globose sporangia or no sporangia are formed on the aerial mycelium. Bangkok, Thailand, from the source of the soil from which the type strain was isolated).
Emended description of the genus
Streptosporangium
Description of
Aerobic, Gram-stain-positive and mesophilic actinomycete. Colonies are pinkish white in colour with white or pale pink aerial mycelium that produces round to oval, smooth spores. Single spores are mainly observed tightly packed on aerial mycelium. Vegetative mycelia are branched but not fragmented. Red-brown soluble pigment is produced in Bennett's agar. Cell walls contain Nacetylated muramic acid and meso-diaminopimelic acid. Whole-cell sugars are arabinose, glucose, mannose, madurose, ribose and rhamnose. The predominant menaquinones are MK-9 (H 4 ) and MK-9 (H 2 ). Mycolic acids are not detected. Diphosphatidylglycerol, hydroxyphosphatidylethanolamine, phosphatidylethanolamine, phosphatidylglycerol and unknown phospholipids are detected in the phospholipid profile. Major fatty acids are C 17 : 0 10-methyl, iso-C 16 : 0 and C 16 : 0 . Growth occurs at 12-42 u C and pH 5-11. Growth is not observed with 3 % (w/v) NaCl. Casein and starch are hydrolysed. Gelatin is not liquefied. Nitrate is reduced to nitrite. . The G+C content of genomic DNA for the type strain is 71 mol%. Kawamoto et al. (1975); and Mertz & Yao (1990) , for strains 2, 3 and 4, respectively. DThe experiments on enzyme activity determination were done in duplicate.
